Chemistry of Natural Products by Arya, Ranjana
CHEMISTRY OF NATURAL PRODUCTS 
DISSERTATION SUBMITTED FOR THE DEGREE OF 
MASTER OF PHILOSOPHY 
IN 
CHEMISTRY 
December. 1983 Ranjaua Arya 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH. 
'•^ • ' ' ( , , 
k DSGS^ 
. 1 * 
DS655 
AuvNUWLEDGfcMhi^  i 
It gives me ^ great pieasurp to express my deep 
sence of gratitude to Dr. K.T. Nasim, who superivsed the work 
described in this dissertation and Prof. M. Qureshi, Head, 
Chemistry Section, Z.H. College of Engineering and Technology, 
Aligarh Muslim University, Aligarh for providing necessary 
facilities in making the execution of this work possible. 
1 would like to express my appreciation to Jr. M. 
Ilyas for his help and valuable discussions. Thanks are also 
due to my laboratory colleagues for their generous help and 
co-operation throughout the work. 
( hanjana Arya ) 
CONTEN To 
Page^  
1. Introduction and Classification 1 
2. Structure determination 25 
3. Discussion and Experimental 64 
4. Bibliography 73 
Introduction and Classification 
Introduction 
During the last few years there have been a revival 
of interest in the chemistry, biogenesis and physiological 
studies of flavonoids. The term 'flavonoid* covers a large 
group of naturally occurring compounds having C^-C^-C, carbon 
skeleton except isoflavones in which the arrangement is 
(Cg^-C-C-C). They include chalcones, dihydrochalcones,aurones, 
flavanones, flavones, isoflavones, flavonols, 2,3-dihydrofla-
vonols (flavanonols), flavan-3,4-diols (leucoanthocyanidins), 
anthocyanidins and catechins. 
Biflavonoids are the recent addition to this class 
and they are recognized by having two flavone or flavanone or 
flavanone-flavone or flavanone-chalcone units and have been 
mostly isolated from leaves, flowers and hard woods of 
gyranosperms and higher plants. 
: 2 : 
Classification 
The naturally occurring biflavonoid compounds may be 
classified under two headings*. 
(A) The biphenyl type. 
(B) The biphenyl ether type. 
A. Biphenyl Type Biflavonoids : 
1, Aqathisflavors Series 
These are derived from two apigenine units with 
(1-6, II-8) linkage, and are represented by five members with 
agathisflavone (I) as a parent compound. It has been isolated 
from the leaves of Aqathis alba. 
ORi 0 
(1) 
: 3 : 
1 2 
(a) Agathisflavone ' 
(b) I-T-O-methyl^*"^'^ 
(c) I-7,II-7-di-0-methyl^ 
(d) II-4',I-7-di-0-methyl^'^ 
(e) II-4',l-7,II-7-tri-0-methyl'^ 
H 
CH-
CH, 
CH, 
CH, 
''2 
H 
H 
CH, 
H 
CH-
R-, R, R. 
H 
H 
H H 
H 
H 
H H 
H H 
H 
H 
H 
H 
H 
^6 
H 
H 
H 
CH, 
CH, 
2. Amentoflavone Series 
These are derived from two apigenin units with 
(1-3', II-8) linkage and are represented by sixteen members 
with amentoflavone (II) as the parent compound. 
( u ) 
• 4 • 
(a) Amentoflavone 
(b) I-7-O-methyl 
8-10 
(Sequoiaflavone) 11-13 
16 
(c) I-4'-0-methyl 
(Bilobetin)^^*^"* 
(d) II-7-Oraethyl-^^'^ 
(e) II-4'-0-raethyl 
(Podocarpusflavone-A) 
(f) I-4',I-7-di-0-methyl 
(g) 1-4',11-4'-di-0-methyl 
(Isoginkgetin)-^ '^-'-'^ '-'-^  
16 
(h) II-4\I-7-di-0-methyl 
(Podocarpusflavone-B) 
(i) 1-4',11-7-di-O-tnethyl-'-® 
(j) 1-7,11-7-di-O-methyl-'-*^ '^^  
(k) II-4',I-7,II-7,tri-0-methyl 
(Heveaflavone)"^'^^ 
(1) 1-4',11-4',11-7,1x1-0-
methyl (Kayaflavone)^^'^^ 
(m) I-7,I-4',II-4'-tri-0-methyl 
(Sciadopitysin)-^ *^^ '^-'-'^  
(n) I-4',I-7,II-7-tri-0-methyl^^ 
(o) I-4»,II-4',1-7,11-7-tetra-
0-methyl^^'^^ 
(p) 1-4',II-4',1-5,11-5,1-7, 
II-7-hexa-O-methyl^^ 
^1 ^2 ^3 ^4 ^5 ^6 
H H H H H H 
CH3 H H H H H 
H H H H CH3 H 
H CH3 H H H H 
H H H H H CH, 
CH3 H H H CH3 H 
H H H H CH3 CH3 
CH3 H H H H CH3 
H CH3 H H CH3 H 
CH3 CH3 H H H H 
CH3 CH3 H H H CH3 
H CH3 H H CH3 CH3 
CH3 H H H CH3 CH3 
CH3 CH3 H H CH3 H 
CH-5 CHo H H CHo CH<^  
CH-5 CH« CHo CH^ CHq CH.^  
: 5 i 
3. I-2.3"Dihvdroamento flavone Series^ '^ *^ '^  
These are derived from naringenin and apigenin units 
with (1-3', 11-8) linkage, and are represented by three 
members, with 2,3-dihydroamentoflavone (III) as the parent 
compound and its two partial methyl ethers. 
0R4 O 
(111) 
(a) l-.2,3-Dihydroamento»-
flavone^^'2® 
(b) H-4',II-7-di-0-methyl^^»2^ 
(c) 1-4',11-4,1-7-tri-O-methyl^^ 
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H 
H 
^^"3 
R2 
H 
CH3 
H 
«3 
H 
H 
H 
% 
H 
H 
H 
^ 5 
H 
H 
^ " 3 
^ 6 
H 
CH3 
CH3 
; 6 : 
4. Tetrahydro-amentoflavone Series 29 
Three new closely related biflavones A,B and C have 
been recently isolated from defatted nuts of Semicarpus 
-29 
anacardium The first of these has been characterized as 
its methyl ethers A, and A2. 
OH O 
OCH-
(IV) 
R 
(A^) 
(A2) = 
I-7,I-4',II-4'-tri-0-methyl 
1-5,11-5,11-3»-trihydroxy 
(1-3', 11-8) biflavanone 
I-7,I-4',II-4',II-3'-tetra-0-methyl 
I-5,II-5-dihydroxy (1-3', 11-8) 
biflavanone 
H 
Me 
The biflavanones (b) and (c) have also been charac-
terized as their methyl ethers/corresponding chalcone methyl 
ethers. 
: 7 
Suqqested structures are 0~:n' [;hyl derivatives of 
(1-3', II-8) binaringenin (V) for the former and (I-3',II-8) 
biliquiritigenin (VI). 
HO 
OH 
(V) 
: 8 : 
5, I..7"Q-Methyl, I-6-C-methylamentoflavone 
30 Rahman et a'i, have recently isolated T-O-methyl, 
I-.6-C-methyl amentoflavone from the leaves extract of 
Cephalotaxus harinqtonla K. Koch. This is derived from 6-C-
methylgenkwanin and apigenin with (I-3',II-8) linkage. 
H-^ 
OH 
6. BGH Series 
These are derived from a naringenin and an apigenin 
or luteolin unit with (1-3, II-8) linkage and are represented 
by BGH-II (Villa) and BGH-III (Vlllb) as the parent compound 
respectively. 
: 9 : 
(VIII) 
R il^  R^ R3 R4 R5 R^ 
OCH^ H 
(a) BGH-II (Morelloflavone/ OH H 
fukugetin)^-'-*^^ 
(b) II-3'-0-methyl^^ 
*(c) I-4«,II-4',1-5,1-7,11-7 
penta-O-methyl-Il-3'-
33 
methoxy 
*(d) 1-4',11-4',11-5,1-7, 
lI-7-penta-O-methyl-
II-3-methoxy^^ 
•(e) 1-4',11-4',1-7,11-7-
tetra-O-methyl-II-3•-
33 
methoxy 
*(f) 11-4',1-7,11-7-tri-Gr 
me thyl-11-3'-methoxy*^ 
H H H H H 
H H H H H 
CCH^ CH3 CH3 CH3 H CH^ CH3 
OCH3 CH3 CH3 H CH3 CH3 CH3 
OCH^ CH^ CH. 
'3 H H CH3 CH3 
OCH3 CH3 CH3 H H H CH3 
(g) BGH-III (Talbotaflavone/ 
volkensiflavone)^^'^^'^"^ H H H H H H H 
•Synthetic. 
: 10 
7. Cupressuflavone Series 
These are derived from tvo nfjigonin units with 
(1-8, II-8) linkage and are represents' by seven members, 
Cupressuflavone (IX) is the parent conround 'vhjle other 
six are its partial methyl ethers. 
OR3 o 
(IX) 
R, R. R, R. Re R. 
(a) Cupressuflavone 
(b) I-7-0-methyl^'2 
(c) I-7,II-7-di-0-methyl^'^ CH 
(d) I-4SI-7(or II-4M-7)-
di-0-methyl^^ 
(e) 1-4',1-7,11-7-tri-O-
methyl^^ 
H 
CH3 
^ 
H 
H 
CH^ 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 H H H H/CH3 CH3/H 
CH^ CH, H H CH3 H 
: 11 : 
( f ) I - 4 S I I - 4 ' , 1 - 7 , 1 1 - 7 -
39 t e t r a - 0 - m e t h y l 
(g) I - 4 ' , I I - 4 ' , I - 5 , I - 7 , 
I I - 7 - p e n t a - O - m e t h y l 40 
CH3 CH3 H H CH3 CH3 
CH3 CH3 CH3 H CH3 CH3 
S y n t h e t i c . 
The structure of I-4'-di-0-methyl cupressuflavone, 
isolated from Araucaria cunninqhamii and A, cookii has been 
revised to I-7,II-7-di-0-methyl cupressuflavone . 
8. GB Series41'^2-45 
This series comprises of reduced heterocyclic 
systems. Five members are reported to occur in nature. They 
are derived from naringenin linked with a naringenin or 
aromodendrin or taxifolin or eriodictyol through (1-3,11-8) 
linkage. 
I 
OH O 
(X) 
: 12 : 
(a) GB-1 
(b) GB-la 
(c) GB-.2 
(d) GB-2a 
(e) II-4'-0-methyl 
GB-2(kolaflavone) 
'"^ 1 
OH 
H 
OH 
H 
f^ 2 
H 
H 
OH 
OH 
R 
H 
H 
H 
H 
OH OH Me 
9. I-.4MI-4'.I~5.II-5.1-7.II-T-HexahydroxyC 1-3.11-3) 
biflavone^^ 
This series comprising of only one member, has been 
46 
synthesiscd by oxidativp counlanq of :•>'i-;enin . 
OH 
(XI) 
47 10' Mesuaferrone-A 
Mesuaferrone-A has been isolated from the stamens of 
Mesuaferrea. This is derived from two naringenin units with 
(1-8,11-8) linkage. 
: 13 
o\-\ o 
OH 
1 1 . Mesuaferrone-B 47 
This is derived from a narinqpnin and an apigenin 
unit through (1-8,11-8) linkage. 
OH 0 
/ Vy-OH 
(XIII) 
: 14 : 
12. Rhus flavanone 48 
Rhusflavanone has been isolaL^d from the seed kernel 
o^ ^ hus succed'anea. This is derived from two naringenin units 
with (1-6,11-8) linkage. 
(XIV) 
13. Rhus flavone 49 
This is derived from narinqeniii ?nd apigenin units 
linked through (1-6,11-8). 
OH 
(XV) 
: 15 
14. Succedanea f lavanone 50 
This i s de r ived from tv,o naT-ingenin u n i t s wi th 
( 1 - 6 , 1 1 - 6 ) l i n k a g e . 
OH 
(XVI) 
15 . I - 4 ' . I I - 4 ' . I - 5 . I I - 5 . I I - 7 - P e n t a h y d r Q X Y . I -7 -O-methv l , 
I -6-C-methvl (1-3 ' .11-8) t ) i f lavone^-*-
This i s de r ived from 6-C-methyl ginkwanin and 
51 
ap igen in wi th ( I - 3 ' , I I - 8 ) l i n k a g e . 
HPO 
OH 0 
OH 
(XVII) 
: 16 : 
16. I-4M-5,II-5,I--7.II-7-Pentahvdroxvflavanone. (1-3,11-8) 
42 
chromone 
Ihe compound has recently been isolated from the 
leaves of Garcinia dulcis Kurz. It is a dimer of naringenin 
42 
and tD.T-dihydroxycIiromone linked through (I-3,ii-8) . Its 
isolation has introduced a new series comprising of flavanone 
chromone structure. 
OH 
17. Taiwaniaflavone Jeries 
A new series of naturally occurring Diflavones have 
37 been isolated from Taiwania crvptomerioides as the parent 
and its mono and dimethyl ethers. These are derived from two 
apigenin units with (1-3',11-3) linkage. 
: 17 : 
(a) Taiwania f lavone 
(b) I - 7 / I I - 7 - 0 - n i e t h y l 
37 
37 
(c) I I - 4 ' , I - 7 / I I - 7 - d i -
37 0-methyl 
(d) 1 - 4 ' , I I - 4 ' , 1 - 5 , 1 1 - 5 , 
I - 7 , I I - 7 - H e x a - 0 -
methyl t a iwania 
f l avone 
^1 ^2 ^3 ^4 ^5 ^6 
H H H H H H 
n/CH3 ClKjH :i H H • H 
H/CH3 CH3/H H H H CH, 
CH3 CH3 CH3 CH3 CH3 CH3 
S y n t h e t i c . 
18. WGH S e r i e s 
Two new b i f l a v o n e s , WGH-Il and i".'GH-III have been 
s y n t h e s i s e d by dehydrogenat ion of 3311-11 and BGH-III, r e s p e c t -
i v e l y . 
: 18 : 
/ / \ \ _ o H 
OH 
(XX) 
R 
(a) I I - 3 ' , 1 - 4 ' , 1 1 - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , 1 1 - 7 -
H e p t a h y d r o x y ( l - 3 , I I - 8 ) b i f l a v o n e { ; . 3 H - I I or 
52 Saharanf l avone) 
(b) 1 - 4 ' , I I - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , I I - 7 - H e x a h y d r o x y 
(l-3,II-8)biflavone(WGH-III) 52 
OH 
H 
19. Robustaflavone Series 
These are derived from two loiqenin units with 
(1-3',11-6) linkage and are reprosent^i by three members. 
Hobstaflavone is the parent compounci and the other two 
are its mono and dimpthyl ethors, ch-ir-x Lcrised only as 
53 their complete methyl ethers 
: 19 : 
(XXI) 
B. Biphenyl Ether Type Biflavonyls • 
1. Hinokiflavone Series 
These are derived from two apiqenin units with (1-4'-
0-II-6) linkage. Hinokiflavone (XXII) is the parent compound 
with six others as its partial methyl ethers. Earlier hinoki-
A O 
flavone and its derivatives were assiqncd(J~4•~0-lI-8) linkage 
(XXII) which had latter been revised to (1-4'-0-11-6) .* ' * 
(XXII) 
: 20 : 
43,44,55 
16 
46 
(a) Hinokiflavone 
(b) I-7-O-methyl 
(Neocryptomerin) 
(c) II-7-O-methyl 
(Isocryptomerin) 
(d) lI-4'-.0~methyI 
(Ciyptomerin-A) 
(e) l-7,II-4'-di-0-methyl 
(f) l-7,Il-7-di-0-methyl 
54 
54 
(Chamaecyparin) 16 
' ( g ) I I - 4 ' , I I - 7 , d i - 0 - m e t h y l 
( C r y p t o r a e r i n - B ) 54 
(h ) I - 7 , I I - 7 , I I - 4 ' - t r i - 0 - m G t h y l 54 
^ 1 
H 
CH, 
H 
H 
CH. 
CH, 
H 
CH-
Rr 
H 
H 
CH, 
H 
:H . 
CH, 
CH, 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH. 
CH, 
H 
CH, 
CH, 
S y n t h e t i c . 
The ( I - 4 ' - 0 - l l - 8 ) l i n k e d h i n o k i f l a v o n e p e n t a m e t h y l e t h e r 
44 (XXIII) has also been synthesized 
OR; 
(XXIII) 
: 21 : 
R. K. K. R. Re 
(a) Hinokiflavone (I-4'-0-IIT8) 
(b) Hinokiflavone pentamethyl 
ether 
H i! 
C H Q '-''^ O 
H H 
C»3 ^«3 
H 
CH, 
2. I-2,3-Qihvdro hinokiflavone Series 
The sole member (XXIV) of this series has been isolated 
from Metasequioia qlyptostroboidies and Cycas species * 
(XXIV) 
3. Ochnaflavone 3eries~''^ »^ ^ 
Ochnaflavone (XXV) is the naront compound with three 
others as its partial methyl ethers. Ihey are derived from 
two apigenin units with (I-3'-0-Il-4') linkage. 
: 22 : 
0R3 O 
(XXV) 
(a) Ochnaflavone 58 
58 (b) I-4'-0-methyl 
(c) I-4',I-7-di-0-methyl^'^»^® 
*(d) I-4',I-7,II-7-tri-0-methyl^'^ CH, 
K 
H 
CH-
H 
H 
H 
CH, 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH, 
CH, 
CH, 
Synthetic. 
Biflavonoid Glvcosides^^'^^ 
Fukugiside (XXVI) and Xanthochymusside (XXVII) have 
been isolated from Garcinia spicata and Garcinia xanthochymus 
respectively. 
HO 
OH 
(XXVI) 
: 23 : 
(a) Fukugiside 
(b) Spicataside 
R^ = OH ; R = p-D-gluc. 
R^ = H ; R = 3-I>gluc. 
HO 
OH O 
(XXVII) 
Xanthochymusside R = p-D-gluc. 
(I»3.II-8)~Binarinqenin-II-7~0--3-qlucoside 60 
A new biflavonone glucosi-ie has been isolated from 
Garcinia multlflora. 
: 24 : 
HO 
OH 
(XXVIII) R= Giluxoi^l 
Tet rahydro h i n o k l f l a v o n e - C - q l y c o s i d e 61 
Recen t ly a novel b i f l a v o n o i d - C - g l y c o s i d e has been 
61 isolated from Anacardium occidentale This is the first 
biflavonoid to occur with onp flavanonf and one chalcone unit. 
OR" 
HO 
OH O 
(XXIX) 
structure determination 
: 25 : 
Structure Determination of iiiflavonoids 
The problem of structure determination of biflavo-
noids is a complex one because of (a) inherent difficulties 
experienced in their isolation in oure and crystalline form; 
(b) insolubility in usual organic solvents; (c) the difficulty 
in exact location of 0-methyl in partially methylated deriva-
tives of biflavones; and (d) the intricate problem of establi-
shing the interflavonyl linkage. 
Besides classical methods-colour reactions, degrada-
tion and synthesis, the spectroscopic methods are the most 
useful methods for the structure elucidation of the flavonoids. 
(a) Nuclear Magnetic Resonance (NMR) Spectroscopy 
The application of NMR spectroscopy has proved to be 
the most powerful tool in the structure determination of 
flavonoids. By the use of NMR studies of silyl derivatives , 
double irradiation technique , solvent and lanthanide induced 
shift studies » ^ "" ^ nuclear overhauser effect (n.o.e.) 
and C-NMR spectroscooy , one can come to the structure of 
flavonoid occurring even in minor quantities without tedious 
and time consuming chemical degradation and synthesis. 
Batterham and Mighest , Mabry * , Massicot , 
Clark-lewis"^^, Kawano"^^'^^ and Pelter and .Hahman^^*^^'^'^ have 
made valuable contributions in this field. 
: 26 : 
The most commonly occurring hydroxylation pattern in 
natural flavonoid is 4',5,7-trihydroxy (XXX) system. The 
chemical shifts of the protons of ring A and B prove to be 
independent of each other but are effected by the nature of 
ring C. 
HOv:::;^X/0 
OH O 
(XXX) 
Ring A 
The two A-ring protons of flavonoids with the 5,7-
hydroxylation pattern give rise to two doublet (J=3,5 Hz) 
between T 3.3-r4.0 from tetramethyl silane. There are, how-
ever, small but predictable variations in the chemical shifts 
of the C-6 and C-8 proton signals deoending on the 5- and 7-
substituents. In flavanones the 6,b proton give a signal peak 
near T^.OS, with the addition of a 3-hydroxy group (flavano-
nols) the chemical shifts of these protons are slightly altered 
and the pattern changes to a very strongly coupled pair of 
doublets. The presence of double bond in ring C of flavones 
and flavonols causes a marked downfielci shift of these peaks, 
: 27 : 
again producing the two doublet pattern. CXit of 6- and 8-
protons, the latter appears downfield. 
Ring B 
All B-ring protons appear around T 2.3-3.3 a region 
separate from the usual A-ring protons. The signals from the 
aromatic protons of an unsubstituted B-ring in a flavanone 
appear as a broad peak centred at aoout ^  ?.S>5. In flavones, 
the presence of C-ring double bond causes a shift of the 2*,6*-
protons and the spectrum shows two broad peaks, one centred at 
72.UU (2',6') and the other at T 2.4 (3',4',5')^®. 
With the introduction of a 4'-hydroxyl group the fi-
ring protons appear affectively as a four peak patern, this is 
called A2B2 pattern. Introduction of one more substituent to 
ring B gives the normal ABC pattern. The hydroxyl group 
increases the shieldinq on the g.ijnceri .l',5' orotons and their 
peaks move substantially upfield. The 2',6' protons of flava-
nones give signals centred at about T ?..65. 
Ring C 
Considerable variations are rjenerally found for the 
chemical shifts of the C-ring protons among the several flavo-
noid classes. For example, the C-3 protons in flavones give a 
sharp singlet near T 3.7. The C-2 proton of isoflavones is 
: 28 : 
normally observed at about T 2.3, whil'^  the C-? proton in 
flavanones is split by C-3 protons into doublet of doublet 
(J . = 5 Hz, J. „„= 11 Hz) and occurs near T 4,8. The two 
^ CIS ' trans 
C-3 protons occur as two quartets (J,, = 17 Hz) near r 2.3. 
'^3o-3b 
However they often appear as two doublets since two signals of 
each quartet are of lov; int<^ nsity. Thr C-2 proton in dihydro-
flavonols appear near Y* 5.1 as a doublet (J = 11 Hz) coupled 
71 to the C-.3 proton which comes at about T 5.8 as doublets. 
In the structure elucidation of biflavonoids, certain 
useful information can be obtained by comparison of their NMR 
spectra with those of their corresponding monomers. Comparison 
of the NMR spectra of methyl and acetyl derivatives of a 
biflavonoid with those of biflavonoids of the same series as 
well as with those of biflavonoids of other series in which at 
least one monoflavonoid unit is similarly constituted, is very 
helpful in assigning each and individual proton and the posi-
tion of the methoxy groups. The problem of interflavonoid 
linkage has been successfully solved by solvent induced shift 
studies of methoxy resonance and l?nth<^ nidp induced shift 
studies. 
In biphenyl type biflavonf^s ouch as amentoflavone, 
cupressuflavone, agathisflrivone etc.,1' -^ n^ks of ring protons 
involved in interflavonoid linkage appc-ir at some what lower 
field (-~«. 0.5 ppm) as compared with thr peaks of the same 
protons in monomer due to extended conjugation. 
: 29 : 
It has been observed both in biphenyi as well as in 
biphenyl ether type biflavonoids that the 5-OMe group of a 8-
linked monoflavonoid unit in a biflavonoad shows up below 
*f 6.CX) in deuterochloroform. This may be explained on the 
basis of extended conjugation. 5-Methoxyl group of an 8-linked 
monoflavonoid unit in biflavonoids of flavanone-flavone (1-3, 
II-B) linkage (BGH Series), flavanone-flavanone U-8, II-8) 
linkage(GB Series) and flavone-flavone (1-3, li-8) linkage 
(WGH Series), does not show up below 1^6.00 as the linkage is 
through heterocyclic ring. 
Methoxy proton shifts ( T values) of fully metnylated biflavo-
noids 
Biflavonoid l-j-Cr,e lI-5-OiMe 
Cupressuflavone (1-8,11-8) 
Amentoflavone (1-3',11-8) 
Agathisflavone (1-0,11-8) 
*Hinokiflavone (I-4'-Oil-8; 
2,3-Dihydroamentoflavone (1-3',11-8) 
Synthetic. 
•  
5 .85 
5.13 
6.41 
o.OC 
-
5.8b 
5 .94 
5.95 
5.92 
5 .95 
: 30 : 
Solvent Induced Shift otudles 
73 Williams and co-workers , hive observed that 
methoxy groups at C-5, C-7 and C-4' exhibit large positive A 
values ( A = 5 CDCl^-Sc^D. = 0,5-O.B ppm) in the absence of 
methoxyl or hydroxy substituents ortho to these groups. This 
means that the foresaid methoxy signals move upfield in 
benzene relative to deuterochloroform. The observation is 
consistent with the formal ability of all these methoxy groups 
to conjugate vdth the electron v*ithor>T'.in<7 carbonyl grouo. 
This conjugation can lead to a decrease in n-electron density 
at oxygen atoms of methoxy groups in question, and so enhance 
an association with benzene at these electron deficient sites 
with a resultant increased shielding effect. The C-3 methoxy 
resonances are in contrast deshieided or only slightly shielded 
(A = -0.07 to +0.34) in benzene, suggesting that the C-3 
methoxy group in general prefers conformation indicated in 
(XXXI). Similarly a 5-methoxy group in presence of 6-substi-
tuent shov.'s small positive or negative solvent shift in 
benzene, because a 6-substituent lead to a higher population 
of conformer (XXXll). 
(XXXII) 
: 31 : 
In these conlormations, thr orotons of the methoxy 
group in question lie in close proximity to the negative end 
of the carbonyl dipole which is a region of strong deshield-
ing due to benzene association at the carbonyl group. The 
methoxy groups lacking one ortho hydrogen also shows positive 
or negative A values ( A = +0.13 to -0.12 ppm). 
The reason tor the small positive or negative shift 
is probably due to some combination oJ (1) steric inhibition of 
benzene solvation of central methoxy group, (2) reduction in 
solvation of central methoxy group (relative to anisole) due to 
the presence of two ortho electron donating substituents ~ 
and (3) solvation of the outer methoxy aroups, the stereo-
chemistry of benzene association bein" such as to place the 
central methoxy ^roup in a region of jpshielding. It is empha-
sised that th«^  steric factors can not b'-> the ii^ jor influence, 
since an electron "dthdraving substitu^nt ortho to methoxy 
junction increases the upfiela snilt vhich is observed in 
73 benzene 
In amentoflavone, cupressuflavon*^ and hinokiflavone 
(I-4'-0-lI-8) methyl ethers, all the methoxy groups move up-
field ( ^  50-60 Cps) on change of solvent from COCl-j to C H 
•J 0 6 
showing that every methoxy group has atleast one ortho proton, 
therefore, a C-8 rather than C-6 lankr-gc is indicated^^'^^^''^? 
In agathisflavone hexamethyl ether, only tive of the six 
methoxy group showed larqe upfield shilts; one methoxy group 
: 32 : 
was unique, upto 50>< dilution with benrf^ -ne no shift was seen 
and then a strong downfield shift was evidenced. It was 
reasonable to assume that the methoxy urouo in question was 
the one at C-!i> flanked by ring li-;'. on one side and a carbonyl 
24b group on the other . oimilarly in case of hinokiflavone 
(l-4'-t>-li-6) only four methoxy groups moved upfield 
ihe benzene induced solvent shifts A (SCDCl^/C^H,) 
are appreciably enhanced by the addalion oi small quantity 
(3;^ , v/v) ot trifluoroacetic acid (ThA) to the solution of the 
compound in benzene. Apparently protonation of certain groups 
enhances benzene association at these sites. This technique 
helps to distinguish between methoxy groups which can conjugate 
with carbonyl group (XXXllI) and those which can not conjugate 
(XXXIV) in the ground state. 
M e - 0 - C = c l o i : 0 •* Me - 0 = C - C = C - 0 
(XXXIII) '''"^ - o - c - c ; = o 
r-^ .xiv) 
Thus the basicity of thr methoxy groups not conjuga-
ted (XXXIV; with carbonyl group is greater than those which are 
conjugated (XXXIIl) and so the formpr v/i 11 be expected to give 
more positive values of the TFA addition shifts ( A *-'6^ 6/'"6^ 6~ 
TFA). The TFA induced solvent shift ( A CiJClg/TFA) of a 5-
methoxy group has a relatively large negative value (-0.36 to 
: 33 : 
-0.44 ppm), which distinguishes it from other methoxy groups. 
A possible explanation is the formation of hydrogen bond 
between the protonated carbonyl qroun r»nd the oxygen atom of 
5-methoxy group (XXXV). The carbonyl aroup will be protonated 
to much larger extent in TFA relative to a solution in benzene 
77 
containing only 3'/. TFA 
^f 'Q P 
hi 
(XXXV) 
Limitations of the Solvent Induced cjhift Studies 
The methoa ot methoxy proton shifts, although very 
useful in structure determination, may lead to erroneous 
assignments if not used with caution . The following 
criteria have been laid down for an appropriate use of the 
method. 
1. 
2. 
The technique should not be used directly for compounds 
containing phenolic groups. 
bven acetylation of the phenolic function does not comple-
tely over come the difficulty. 
: 34 : 
3, Only the fully metnylated coinpounus are safest to use but 
even then the results may be misleading, if solvation of a 
separate site, close to the methoxy groups being examined, 
78 
occurs 
4. In IVGH series, II-3' methoxy group of .iu.i-ll methyl ether 
appears at an exceptionally high position (T6.56) in 
CDClo. This is suggestive of its being entirely internally 
solvated. A model of this biflavone shows that there are 
in fact certain positions in which that particular methoxy 
group can be solvated by benzene ring of the other flavo-
noid unit, thus rendering it unique in being resistant to 
external solvation. On change oi solvent from CDCl^ to 
C,H^ all the methoxy groups are expected to move upfield 
by more than 30 Cps as each methoxy group has an ortho 
proton. The methoxy group in question ^at T6.t>6), how-
ever moves very little. 
: 35 : 
1 o 
C-NNtR Spectroscopy of Biflavonoids 
H-NMK spectroscopy involving shifts of the methoxy 
signals in the spectrum of permethyl ether, upon progressive 
73 
addition of deuterobenzene , has been used for the dtermina-
24b 55 tion of interflavonoid linkage ' . The shift of the signal 
occurs if one position ortho- to a given methoxy group is 
unsubstituted. Though applied successfully in many cases, this 
method is restricted in its applicability. Thus in the case of 
hepta-0-raethyl saharanflavones , one methoxy siqnal does not 
shift at all on the C^D^, supporting a (1-3,11-6) linked struc-
ture, inspite of the fact that a (1-3,11-8) linkage was later 
confirmed by synthesis. The use of the paramagnotic shift 
reagent EuCfod)^ helped to differentiate the signals due to 
65 H-3, H-6 and H-8, in 5,7-dimethoxyflavonoids and this has 
51 79 
been extended to the biflavonoid oermethyl ethers • . How-
ever since both flavonoid moieties ar*^  complcxod, different 
shifts may result from the same substitutents on the nucleus. 
Hence a method of wiaer applicability is necessary for an 
unambiguous determination of the interiiavonoid linkage in such 
13 
compounds. The assignment of the sitin-^ ils in the C-NAUl spectra 
of ten oxygenated biflavonoids was acharved on the basis of olf 
resonance and proton coupled spectra "nJ by analogy vith publi-
shed values * , for the monomeric co.iioounds. This method 
obviates the necessity of preparing thr^  permethyl ethers which 
are obligatory for the H-NMH solvent induced shift studies. As 
: 36 : 
a consequence therefore, this mpthoi h,as potential also for the 
location of methoxy substitution directly in a naturally 
occurring methylated biflavonoid. 
: 37 : 
(b) Mass Spectrometry 
The mass spectra of a wide variety of organic natural 
products have been studied only during last tew years. Kecently 
a number of papers on the evaluation of structure fragmentation 
pattern relationship in mono and biflavonyl have appeared ~ 
The principal mode of fragmentation in flavones and flavanones 
is retro-Jiels-Alder {li'JA) reaction. The apigenin trimethyl 
85 
ether (XXXVI) gives molecular ion m/e 312 as the base peak, 
further fragmentation by I-LDA yields ion at m/e 180» m/e 132 and 
m/e 135. 
_ 4-
MfO^^^^^X^O OCH. 
^ O O 
(XXXVI) M"*" m/e 312 
\» 
HCO 
CM, 
OCM, 
m/e 180 m/e 132 
: 38 : 
HfOy^;^^^'^^-^ y^^^^OCU-^ 
111 
0 + 
m/e 181 tn/e 135 
(Hydrogen acquisition by ion at m/e qives the ion m/e 181) 
85 
Seshadri et al. have reported that the fragmenta-
tion pattern of biphenyl type biflavonyis viz., cupressuflavone 
hexamethyl ether and amentoflavone hexamethyl ether are similar, 
molecular ion being the base peak in pach case. There are 
differences in intensities of the corresponding ions in their 
spectra, chiefly due to structural variations. Steric factors 
also seem to play an important role in influencing the break 
down mode and internal condensations, ihese factors becomes 
so much dominant in agathisflavone hoxa-nethyl ether, that the 
ion at m/e J11 appears as base instead of molecular ion m/e 622. 
Ihe mode fragmentation of hinokiflavone pentamethyl 
ether which contains a biphenyl ether system, is considerably 
different from those of amentoflavone, cupressuflavone and 
agathisflavone hexamethyl ethers. The base peak in this case 
appears at m/e 313 and the molecular ion (m/e 608) amounts to 
39yi of this peak. This may be attributed to the easily ruptur-
86 
able biphenyl ether linkage , hydrogen transfer than leads to 
m/e 313 fragment. The fission of ether bridge can take place 
in tvjo ways. 
: 39 
1. Route-1 giving the ions at m/e 297 and m/e 311, and 
2. Houte-2 yielding the ions at m/e 281 and m/e 327. 
However, the observation that the 313 ion is most 
intense suggests that route 1 is favoured i.e. the bond between 
the oxygen bridge and the highly oxygenated phenyl ring breaks 
preferably 
Hinokiflavone Pentamethyl ether 
The mode of fragmentation is shown in chart. 
Main peaks 
608(39), 607(12), 593(36), 580(4), 579(11), 578(11), 
576(6), 431(7), 327(23), 312(22), 311(22), 304(22), 297(29), 
296(75), 281(/i2j, 181(11), 180(3), 135(19), 132(18). 
40 : 
OCH-
2.H-
^le 2^7(29) >^/e 311 (11) 
•^ * ^ /e3 i5 ( ioo ) 
CH \ / ocrt-
O C H 3 
• ^ / e 251 ( 2 1 ) 
^ / e 327(23} 
: 41 : 
(c) Ultraviolet Absorption Spectroscopy 
The U.V. spectra of flavonoi'i have been thoroughly 
86 
studied and review by Jurd 
Flavones (XXXVII) and flavonols (XXXIX) generally 
exhibit high intensity absorption in tho 30C~?80 nm rpqion 
(band 1} and the 240-270 nrn (band ^i; '' . :he position and 
intensity of the max. of the adsorption bands varies with the 
relative resonance contributions of the benzoyl (XL) cinnamoyl 
(XLI) and pyrone ring (XLII) groupings to the total resonance 
of the flavone molecule. 
UXXIX) 
: 42 : 
(XLII) 
Although these groupings interact, the spectra of 
substituted flavones and flavonols in the neutral and alkaline 
solutions suggest that band I is associated chiefly with the 
absorption in the cinnamoyl grouping (XLI) and band II with 
pq 
absorption in the benzoyl grouping VALJ.1) 
Spectra of Aluminium Complex - Location of t) and 3 hydroxyl 
groups 
b-Hydroxyflavones and 5-hydiroxyflavonols in which 
the 3-hydroxyl groups is protected, form yellow complexes of 
90 the type (XLIIl) which result in the considerable batho-
chromic shifts of band I and II. In flavones this is of the 
order of 20-45 nm. 
: 43 
n^ 
(XLIII) 
3-Hydroxyflnvones readily fom aluminium complexes 
which are stable even in presence of aiiute hydrochloric acid. 
As a result of complex formation tlavonols produce a flavylium 
structure (XLIV; which is generally stabilized by the Quasi-
aromatic character. 
: 44 : 
The bathochromic shift of the flavonol band I to the 
complex band I is consistently in the order of 60 nm. A shift 
of this magnitude is, therefore, reliable evidence for the 
presence of a free 3-hydroxyl group. 
Spectra in alcoholic sodium acetate - location of 7~hvdroxyl 
group 
Sodium acetate is sufficiently basic to ionize 
hydroxyl groups located at positions 7,3 and 4* of the flavone 
nucleus. Hydroxyl of other positions are unaffected. Ioniza-
tion of 3 and 4'-hydroxyls produces bathochromic shifts of 
band I, but does not effect the position of band II. Since 
band II is associated mainly with adsorption in 'A* ring, 
ionization of 7~0H group results in a :renounced bathochromic 
shift of this band. Flavones and flavonols which contain a 
free 7-hydroxyl groups may, therefore, be detected by the 
8-20 nm bathochromic shift of the low wave length band on the 
go 
addition of a little fused sodium acetate . 
: 45 : 
U.V. Spectra in Sodium ethoxide. Detection of a 3,4'~L<ihvdroxvl 
Grouping in Flavonol 
90 Jurd and ilorowitz found that flavonols in which 
the hydroxyl group at either C, or . , :.$ crotFCterJ by -ir'thyl- • 
ation or glycosidation are stable- in sodium ethoxide and that 
their stability is not appreciably influenced by other hydroxyl 
groups i.e. the wave length band shifts from 340-380 nm in 
ethanol to about 380-420 nm in sodium-ethoxide. 
U.V. Spectra in Sodium acetate and Boric acid-Jetection of 
O-Jihydroxyl Groups 
Boric acid, in presence of sodium acetate forms 
chelates with phenolic compounds containing O-dihydroxyl groups, 
Thus the max. of band I in luteolin undergoes a bathochromic 
shift of 15-30 nm on addition of a mixture of boric acid and 
91 
sodium acetate . The spectra of compounds which do not have 
two ortho hydroxyl groups are not appreciably affected. 
/ ^ O H 
O 
OH 
B6Y/C /^ciA. 
NcxoAc 
(XLV) 
: 46 : 
U.V. Spectra in nlLl^ and .MCI 
Flavones and flavonols containing b or 3 hydroxyl 
groups for.n aluminium complexes by chelation of AlCl- with 
O-dihydroxyl group. ihe aluminium complex {A) is not stable 
in presence of HCl, while aluminium complexes of flavones 
(B and C) having 3 or 5 hydroxyl groups formed by the chela-
tion of AlUl- with keto 3 or 5 hydroxy! groups of flavones, 
stable in the presence of dil. HCl. ;ience when shift is taken 
with AlCl^ only, it results in a bathochromic shift, but, when 
two or three drops of HCl are added in the sample, a hypo-
chromic shift is observed, which indicate the presence of 
O-dihydroxyl group along with hydroxyl groups at C-5 or C-3 
,ce 
position of flavone nucleus, 
-OH 
: 47 
OH 
HCt 
,OH 
HOv^^^v^O 
HCt 
>i/ 
OM 
ULVII) 
: 48 : 
U.V. Spectra of Blflavonyls 
Ultraviolet spectroscopy has b*=en found extremely 
helpful in structure elucidation of biflavonyls. 
The U.V. spectra of biapigenin or binaringenin type 
biflavonoids and their derivatives are very similar to those 
constituent monomer unit, with the only difference that mole-
cular extinction coefficient of biflavonoids are approximately 
double as compared to corresponding monomers. 
—3 
for amentoflavone (Ginkgotin) = 4.2 x 10 
for apigenine = 2.0 x 10 
This shows the presence of two isolated chromophores of 
flavonoids per molecule of biflavonyls. 
: 49 : 
(d) Infrared Soectroscopy 92-95 
The infrared spectra of 5-hydroxyflavones show strong 
bands at 1660 cm" as do those of mono-5-hydroxyflavone(XLVIII) 
and although this hydroxyl group is internally hydrogen-bonded 
the effect of 5-0-alkylation and 5-()-acylation is opposite to 
that shown in the case of simple C-hydroxy ketones. Because 
of internal hydrogen bonding in 0-hydroxy ketones, the carbonyl 
bands of these compounds show a shift to nigher frequencies on 
either u-alkylation or C—acylation. :!owever, a similar compa-
rison of the infrared spectra of 5-hydroxyflavones and 5-hydroxy 
chromones with the spectra of their 5-tj-alkyl, and 5-0-acyl 
derivatives shows a shift in the opposite direction, that is to 
lower frequencies. In practice this is very useful in diagnos-
ing the presence of a 5-hydroxyflavone structure. 
: 50 : 
Synthesis 
ihe synthetic approaches to members of biflavone 
families fall into five categories : 
(a) Coupling of two flavone nuclei by Ullman reaction. 
(b) Ullman synthesis of suitably substituted biphenyls and 
biphenyl ethers followed by their heteroannulation to 
flavones. 
(c) Phenol oxidative coupling of flavones. 
(d) Wasseley-Moser rearrangement of existing biflavone e.g. 
interconversion of cupressuflavone and aqathisflavone. 
(e) Partial methylation and demethylation of natural or 
synthetic biflavones. 
The details of first three distinct categories are 
given beiov^  : 
(a) Ullman Coupling of Flavones 
A number of biflavonoids with ditferent interflavo-
noid linkage have been synthesised by the apolication of 
Ullman reaction^"'- , I'akazava accotaoli :h*-»cl the synthesis of 
amentoflavone hexamethyl ether U-ip) by mixed Ullman reaction 
between 3'-iodo-4',5,7-tri-O-methyl ethei ^XLIX) and 8-iodo-
4 • ,5,7-tri-O-methylf lavone (L). L/uprossuflavone hexamethyl 
ether was obtained as a by product anti v*?as found identical with 
38 
one obtained from natural source. Later on Seshadri et al 
: 51 : 
have also synthesised cupressuflavone hexamethyl ether from 
8-iodo-4',5,7-tri-O-methylflavone (L) under modified Ullman 
condensation. 
OCH: 
: 52 : 
The synthesis of (1-4'-0-11-8) and (1-4'-O-II-e) 
98 hinokiflavone methyl ethers have oeen reported by Nakazawa 
The permethylated 3'-nitrobiflavone m&thyl ethers, the key 
intermediates, were obtained by condensing 3'-nitro-4'-iodo-
5,7-cii-u-methylflavone (LI) and 5- and B-hydroxy-4',5,7-tri-
0-methylflavones (Lli and LIII) in J. .•. in the presence of 
K^UO^. The nitro ethers were reauced by Na^3r^0. in aqueous 
DMF, diazotized and decomposed with bOy. H^PU to give penta-
methyl ethers of hinokiflavone (XXIIa and XXiib). 
NO, 
^J^vo 
(Lil, 
OCH^ O 
OCH, 
.H, R.J = 
(LlliJ .v^  = Oii, li, 
H 
H 
OCH3 O 
cc 
o 
rl 
H 
OCH: 
(XXIlb) 
: 53 : 
(b) Ullman Synthesis of Biflavones Via Biphenyl and Biphenyl 
ether precursors 
99 Mathai and co-workers first introduced this 
approach to the synthesis of biflavones in 1964. However, none 
of the biflavones prepared oy them occurs naturally. S, Ahmad 
loo 
and Razaq appears to have quickly realized the potential of 
the method and successfully synthesized the hexamethyl and 
tetramethyl (IXB; ethers of cupressufl^vone ^IXa;. The method 
involved Ullman coupling between two .-nolecules of i-iodo-2,4,6-
triraethoxy benzene ^LIV) to form a bmnenyi system .^LVj as the 
first step. Subsequent rriedal '^ raft's acylation, partial 
demethylaticn and condensation with Anisaldehyde gave a 
bichalcone (LVI). Oxidative cyclization of bichalcone by SeO^ 
gave cupressuflavone hexamethyl ether which on partial demethyl-
aticn was converted into cupressuflavone tetramethyl ether 
(IXf). 
OCH, 
ULLmrvcin 
"OCH T e ^ c t l o n 
(LIV) 
OCH3 
OCH 
OCH-i 
OCH-
(LV) 
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3 CH3CQCL 
At^^s/PhNOj 
O^^i O 
OCH 
'5 O 
ALkaLl 
"3 " 1 ^ ° ^ " ^ 
OCH3O 
OCH, 
/ VocH, 
SeO; 
: 55 : 
OCH3 o 
OCH3 O 
/ Vy-OCH. 
OCH3 
BCLj/o^ 
(iXf) 
OCHi 
OCH, 
The structure of ochnaflavone as 1-4',1-5,11-5,1-7, 
II-7 pentahydroxy (I-3*-0-II-4*) biflavone was confirmed by 
the synthesis of its methyl ether (X\V) using diphenyl ether 
dicarboxylic acid chloride (LVII) and C-hydroxy phloroaceto-
phenone dimethyl ether in the follovinn way ; 
: 56 : 
.OCH, 
O oCH: 
UXV) 
OCH-
O OCH, 
The alternative structure (LVlll), suggested for 
isoochnaflavone methyl ether, was AJ^O synthesized ' in the 
same wav using the isomeric aicarbcxylic -^ cid chloride (LVII) 
: 57 
OCH. 
avii) 
OCH, 
HJO.^;^^ 
(c) Phenol Oxidative Coupling 
Of all the methods discussed, the dimerization of 
apigenin and its derivatives by oxid^tJvp coupling offers the 
most stimulating and aesthetically plec^ sing route to the 
: 58 : 
biflavone since it most closely follows the process which is 
believed to occur in nature. fhe application of phenol oxida-
tion to synthetic chemistry has, therptoje, been extensively 
102-104 
studied . It has been experimentally established into 
the phenol oxidation mechanism, tho phenolate ion is oxidized 
by an oxidant like ferric chloride and notassaum ferricyanide 
to a phenoxy radical. 
ArO" + [Fe^CNj^]"^ ^ ArJ + [Fe(oN) ^ j""^ 
The free electron in tho p^ '^-noxy radical may be 
shown at various places by mesomeric rffrct. The free radicals 
are then coupled rapidly and irreversibly under kinetic control 
by three of many modes of dimerization theoretically possible. 
(1) Homolytic Coupling 
2ArO > (ArO)2 
(2) hadical insertion 
ArO + ArO" -:i^ ~-> (ArO)^ 
(3) Heterocyclic coupling 
Aru — ^ — > r.rO'^ 
ArO" + ArO"^  > (Art^)^ 
: 59 : 
It is reasonablp to assume thit counlinq occurs 
fastest at the position of highest Jensity of the free electron 
except where, there is hinderance of approach. 
The parent biflavone together with their various-0-
methyl ethers exhibit either C-C or C-^ linkage between flavo-
noid units which might be expected to arise through oxidative 
coupling of an apigenin derived radical (LIX; or ^ LX). 
HO^^^^^O^ 
OH O 
VOH 
H C ^ ^ T x ^ O v ^ ^ \\ 
OH O 
OH O 
4^  
V 
: 60 
O O OH O 
OH 
M/ 
/^ 
V 
v^o.^^:^--^ 
1 PJC 
Molyneux et al. have investigated that oxidative 
coupling of apigenin using alkaline pol--iSsiufn ferricyanide 
and isolated two biflavones with interfiavone linkage (1-3, 
II-3) and (1-3,11-3') respectively, out of these two flavones, 
later one has been isolated recently from I'aiwania crypto^^er-
. . 37 Olds 
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WO^ 
axi) 
VO^^^^;^-^ o -Y-/^^OH 
OK 
(XIX) 
ihe synthetic compounds ^LXi) and (XIX) appear to 
arise presumably by appropriate spin-noiring of the mesomeric 
radical (LIX) although none of the sy.Tmip trical (1-3,11-3') 
linked dimer which might also be exr^ ected to form could be 
isolated. These observations are consistent with the findings 
62 : 
106 
of Kunnlp et al. v/ho studied the electron spin resonance of 
spectra of flavanoid anion radical (doiived from polyhy'.iroxy-
flavones and having a S-hydroxy function) and concluded that 
the delocalization of an unpaired electron initially generated 
at the C-4'-hydroxy group in apigenin occurs only in ring 3 and 
C (LIX). Thus, in order to achieve an intertlavonoid linkage 
105 to ring A. Tioleyneux et al. believoJ that a radical 
initially generated at '^-4', in apiqenin and delocalization 
attacks electrophilically the electron rich L-6 or C-8 positions 
of the phloroglucinol ring of an intact apigenin molecule i.e. 
radical substitution occurs in preference to radical pairing. 
107 
oeshadri et al. have carried out extensive coupl-
ing of apigenin-4',7-dimethyl ether with ferric chloride in 
boiling dioxsn and isolate a dimer in 6'/. yi--jd whose properties 
suggest that it is the '-.-C, biflavonc 
OCH, 
(LXII) 
HCQ. 
OCH. 
UXlll) 
: 63 : 
107 On the basis of thesf- fin iin.-is oeshadri et al. 
have suggested that when hydroxy ground are protected by methyl-
ation (leaving only the "o-VH group free), dimerization takes 
place through 6- or 8-position of ring A, It is T->asonable to 
assume that in nature adequate mechanisii are available for 
protecting the hydroxyl groups ana Dr.nijing about the coupling 
through the oosition in A ring. 
Discussion and Experimental 
: 64 : 
Discussion and Experimental 
Chemical Investigation of .Anacardium occidentale(Anacardiaceae) 
Leaves of Anacardium occidentale Linn. , vere procured 
from Kerala, India. The dried and powdered leaves, after 
thoroughly defatting by repeated extraction with petroleum ether 
(60-80 ) and benzene, were exhausted -dth acetonr. The dark 
greenish-brown coloured acetone extracts \-ere concentrated first 
at atmospheric pressure and then under reduced pressure. The 
dark brown semi solid mass left behind v.as treated with petro-
leum ether (60-80 ) followed by benzene to remove fatty and 
resinous matter. The dark brown residue thus obtained responded 
to the usual colour tests for flavanoids. 
Purification of Flavonoidic Mixture--^ olu.nn Jht^'matoqrdphy 
A well stirred suspension ot silica yel (BJli, IbU g) 
in dry petroleum ether (40-60 ) was poured in column (2CC cm 
long and 60 mm in diameter). V/hcn the adsorbent was well 
settled, the excess of petroleum ether '.ns allowed to pass 
through the column. The crude flavonoi 'ic mixture (5 gm) 
adsorbed on silica gel (50 g) in a -hin Jish was added to the 
column. The column was eluted with oig^ iiic solvents success-
ively in the increasing order of pol^xity. The results are 
given in Table-I. 
Table - I 
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S.N. Solvent 1-' i t r i " of Product 
1 Benzene 
2 Benzene : EtOAc (8:2) 
3 Benzene : EtOAc (7:3) 
4 Benzene : EtOAc (5:5) 
5 Ethyl Acetate 
6 Acetone 
.IrefU A'axy product 
Yellov/ qreen solid 
Yellow green solid 
Brownish green solid 
Brown solid 
Dark brown mass 
Fractions (2-6) were examined on TLC using Benzene: 
Pyridine:Formic acid (36:9:5) as developing solvent. All 
fractions showed two major spots r-'loni; v i th thrpe minor spots. 
They were mixed, dried and then tronted 'vith hot water to 
remove water soluble matter. TLC exroiTition of w<^ ter insolu-
ble fraction showed two distinct s.jots, "-py were separated by 
preparative TLC. 
Separation of Flavonoidic Alixture-Preorir.^ tive Thin Layer 
Chromatography 
Using a thin lay*^ r spreaVr, lass plates (40x20 cm) 
were coated with a well stirred susornsion of silica gel G 
(BDH) to give a layer approximately u. 5 rim in thickness. After 
drying for 2 hr. at room temperature thp plates were activated 
at 120^ C for Ihr and preserved in i uosicator until required. 
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The water insoluble resi'.iur obtoinrd as mentioned 
above was dissolved in acetone (with tvo three drops of 
pyridine) and applied to plates (4C;x2v c:n) Vvith the help of a 
mechanical apolicator (Jessaga, MeiJelufrg), 2 cm from the lower 
edge of the plates. The plates mountrd on a stainless steel 
frame were placed in a Dcssaga glass c^ arnber (45x22x22 cm) 
containing 500 ml of the developing solvent BPF, 36:9:5). After 
one hour the plates were taken out and dried at room temperature. 
The position of the bands were mark~d in UV light. The marked 
pigment zones labelled as AO-I and (V;-1I were scraped as separate 
bands with the help of a spatula and eluted with dry acetone. The 
eluate in each case v^ias distilled off to give an oily liquid 
which on addition of v;ater yi^ lde-i \(li.'. precipitate. It was 
filtered, washed with water and dried. '•'omogenei ty of the pig-
ments was chocked by TLC using different solvent systems. 
AO-I 
AO-I was i d e n t i f i e d as nmnntoflovone ( I I ) by m . p . , 
m.m.p. , co-chromatography, preparincj it^i methyl e t h e r and 
comparing i t vvith an a u t h e n t i c sample ul hcxa methyl e t h e r of 
amentoflavone (n^^-values, f l u o r o s c f n c ^ in UV l i g h t and NJ\'R). 
I - 4 M I - 4 ' . 1 -5 .11 -5 .1 -7 . I I -7 -h ' exa -C-m^ t ' f y K l - a M I - 8 ) 
b i f l a v o n e AC-IM 
A mix tu re of AO-I (50 mg) , oni-;ydrous potass ium 
: 67 : 
carbonate (2 g), dimethylsulphate (1 ml) and "iry acptone 
(200 ml) v/as refluxed on a water bc'th for 12 hrs. A small 
portion of the reaction mixture was t->ken out in a test tube 
and tested for ale. FeCl^ reaction. .L' fluxinq continued until 
it qr«"<^  a np'^ ativ*^  ale, FeCl^ t-.st. s- frn filtf^ if-j and 
the residue washed several times with hot acetone. The tiltrate 
and washings were combined and evanoraled to dryness. The yellow 
residue left behind was washed 2-3 times with petroleum ether 
and then dissolved in chloroform. The chloroform solution was 
concentrated and few drops of methanol added to it. The solid 
crystallized from chloroform-methanol as colourless needles 
m.p. 172°. The results of n.m.r. studies of AO-IM and amento-
flavone hexamethyl ether are given below (Table-II). 
Table - II 
Ass ign i i pn t AO-I;,! \".on t o f l a v o n p hexa 
IP t h y l e 
3 .52 
3 . 6 6 
1.38 
3 .48 
3 .42 
2 . 1 0 
2 . 1 6 
2 . 8 8 
t h p r 
( l H , d ) 
( l ! ' , d ) 
( I H . s ) 
( l H , s ) 
( l H , s ) 
( l H , d ) 
( l H , d ) 
( l H , d ) 
H - I - 8 
H-1 -6 
H - l I - 6 
H - 1 - 3 
H - I I - 3 
H - I - 6 ' 
H - 1 - 2 ' 
H - I ~ 5 ' 
3 . 5 4 ( l H , d ) 
3.6Q ( lK' ,d) 
3 . 3 7 ( IH, s ) 
3 . 5 0 ( l H , s > 
3 . 4 3 ( l H , s ) 
2 . 0 6 ( l H , d ) 
2 . 1 5 ( l H , d ) 
2 . 9 0 ( l i i , d ) 
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H-IJ-2',6' 2.62 (2H,d) 2.62 (2{!,d) 
H-lI-3',5' 3.27 (2H,d) 3.24 (2H,d) 
OMe-I-5,II-5 6.C8,5.94 (6H) 5.08,5.95 (6H) 
OMe-I~7,Il-7 6.12,6.18 (6H) 6.14,6.20 (6H) 
0Me-I-4',lI-4' 6.20,6.24 (6H) 6.26,6.27 (6H) 
s = singlnt; d = doublet. 
Spectrum run in CDCl,, at 100 Mc/3. T,"; a^  internal stondard = 
Tlo.OO. 
The NMf; spectrum showed .^ QX and A^B^ systems associ-
ated with rings I-B and Il-B substituted at position 1-3',4' 
and II-4' respectively. Thus rin'. I-U r^na II-A of the bifla-
vone seemed to be involved in intrrfI"vonoid linkage. In 
particular the values showed that I-f is link-.d to either 
II-6 or II-8, The observation tr.at in biflavjnes, having 
aromatic substituents at 1-8 the I-5C.' ^ - group generally appear 
below '6.0 (Table-lII) led to believe that substituents 
(flavone unit) in AC-i;'. was located at : 1-8 and not at II-6. 
Further all methoxy groups on change of solvent from deutero-
chloroform to benzene moved upfield sho'./ing that every methoxy 
group had at least one ortho proton or.!, therefore, C-Il-8 
rather than C-lI-6 linkage was confin J. 
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Table - III 
S.N. Biflavonoids l-S-OWe lI-5-OMe 
1 Cupressuflavono hexamethyl T" 5.88 1^5.88 
ether 
2 Amentoflavone hexamethyl 7^6.13 1 5.94 
ether 
3 Agathisflavone hexamethyl Y6.41 "^ 5^.95 
ether 
4 Hinokiflavone pentamethyl 'T''i.^"'C ^^5.92 
ether (1-4'-0-11-8) 
5 ACiM T'e .oa Y5 .94 
AO-11 
AO-II was i d e n t i f i e d as a . j a t ' . i j f l av t TO (1) by m . p , , 
m.m.p. , co-chromatography and by prepar i t .o i t s methyl e t h e r and 
comparing i t wi th an a u t h e n t i c sample ot hexamethyl e t h e r of 
a g a t h i s f l a v o n e ( i ix~values , f luoroscencr- in UV l i g h t and i\',7iR). 
I - 4 M I . . 4 M - 5 . I I - 5 . I - 7 . I l - 7 > H e x a - ( > - m e t h v l ( I - 6 . 1 I - 8 ) b i f l a v o n e 
AO-IIM 
The methyl e t h e r of AO-II w?5 p repared by the methods 
given prev ious ly . I t gave whi te sb,in:n-' npf-dles m.p. 162-164 
( c r y s t a l l i z e d from chloroform-mptharioJ) . The i p ' s u l t s of n . m . r . 
s t u d i e s a re given below ( T a b l e - l V ) . 
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Table - IV 
Chemical shifts of pri t )n': of -'^ I-IIW 
Signals To. of Pr^ tone- Assigrnoiit 
i 1-1-2',6' 
H-I-3',5' 
H-II-2',6' 
H-II-3',5' 
H-1-8 
H-11-6 
H-l-3,Il-3 
0:ie-ll-5 
O^e-I-5 
0/;e-1-4',11-4' 
Or.e-I-7,11-7 
s = singlet; d = doublet 
Spectrum run in CDCl^ at 100 Mc/3, T/;; :is internal standard = 
YlO.OO. 
The WAR spectrum of AO-II .' she /ed the molecule was 
neither symmetrical nor were the rinjs 1-J or 11-B involved 
in linkage, as there were present wo s* is of '^o^ p^ protons 
centred at ^2.99, ^2.12 (J = 9 Hz) an j ^ 3.22, 1^2.63 
(J = 9 Hz), J values were characteristic of ortho-coupled 
2.12 (d) 
2 .99 (d) 
2.63 (d) 
3.22 (d) 
3.09 (s) 
3.36 (s) 
3 .47 ,3 .49 (s 
5.95 
6 .41 
6 .26 ,6 .22 
6 .14 ,6 .12 
each) 
2 
2 
2 
2 
1 
1 
1 each 
3 
3 
6 
6 
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protons. The linkage could not bo thxcugh C-3 position of ring 
I-C or II-C as there were almost two invarient protons at 
^^3.47 and'T3.49. Morpover this linke.- e v;oulcl lead to at 
least one mpta coupled psir associnteJ ' i th ring l-r. and II-A 
and none, in fact was observed. This left only rings I-A and 
3I-A implicated in the interflavonoid lnnk?gp and as the mole-
cule was unsymmetrical (i.e. neither C,--Cp nor C^-C^), the 
linkage must be C,-Cg. 
The observation that O-mrthyl group at C-5 of a C-8 
linked flavone unit of a biflavone appears below "T'd.O, is 
consistent with the proposed structure (Table-V). 
Table ~ V 
Methoxy proton shifts (Tvalues) of complete methyl ethers 
S.N. Biflavones OAle-I-S 0Me-ll~5 
1 Cupressuflavone hexamethyl '^..i'"i 5.85 
ether 
2 Amentoflavonc hexamethyl ^.1'- 5.94 
ether 
3 Agathisflavone hexamethyl ."l 5.95 
ether 
4 Hinokiflavone (l-4'-C-ll-8) .^'^  5.92 
hexamethyl ether 
5 AC-IIM C-.M 5.95 
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Thp mode of i n t c r f l a v o n o i J Mnkage ( C , - C Q ) va s 
f u r t h e r confirmpJ by s"':u.iying tfi ;--)''. r inJuceci shi f t - ; of 
methoxy resonances on change ot so lven t from ufu te roch lo ro fo rm 
t o benzene, f i v e methoxy groups sboveJ l a r g e u p f i e l d s h i f t s . 
One methoxy group was unique in t h ^ t , I'pto 50;< d i l u t i o n v/ith 
benzene no s h i f t was seen and then ? s t rong downfield s h i f t 
was evidenced ( T a b l e - V l ) , a phenomrnon seen in n e i t h e r the 
amentoflavone nor cup res su f l avone hexn:-:othyl e t h e r s . I t v-zas 
r ea sonab l e to assume t h a t the methoxy iroup in q u e s t i o n was 
one a t C-5 , f lanked by r ing I I -A on on^ ^ s i d e and a carbonyl 
group on the o t h e r . 
Table - VI 
Shifts of methoxy reson^incf^ of AO-l]Ai 
Signals in Signals in Shifts (Hz) 
CDCI3 (Hz) C^H^ (Hz) 
4C5 358 47 upfield 
390 330 60 upfield 
389 335 54 upfield 
380 326 54 upfield 
375 305 70 upfield 
362 385 23 downfield 
AO-IIi'A was therefore assiynoS the structure of 1-4', 
II-4',1-5,11-5,1-7,II-7-hexa-O-methyl (1-6,11-8) biflavone (I). 
Bibliography 
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